A UV-specific endonuclease was used to detect ultraviolet light-induced pyrimidine dimers in chloroplast DNA of Chlamydomonas veinhavdi that was specifically labeled with tritiated thymidine. All of the dimers induced by 100 J/m 2 of 254 nm light are removed by photoreaction. Wild-type cells exposed to 50 J/m 2 of UV light removed over 80% of the dimers from chloroplast DNA after 24 h of incubation in growth medium in the dark. A UVsensitive mutant, UVS 1, defective in the excision of pyrimidine dimers from nuclear DNA is capable of removing pyrimidine dimers from chloroplast DNA nearly as well as wild-type, suggesting that nuclear and chloroplast DNA dark-repair systems are under separate genetic control.
INTRODUCTION
The only previous study of chloroplast DNA repair failed to find evidence for excision of dimers or for repair replication in Chlamydomonas chloroplasts. However, these workers also reported a lack of excision of pyrimidine dimers from nuclear DNA of Chlamydomonas. Using a more sensitive assay for pyrimidine dimers, thus permitting a smaller fluence of irradiation, we found that Chlamydomonas does remove pyrimidine dimers from nuclear DNA in the dark . We have extended the study of DNA repair in Cklamydomonas to chloroplast DNA. We find evidence for repair of pyrimidine dimers in chloroplast DNA both by photoreactivation and by a dark-repair process which may be excision-repair.
MATERIALS AND METHODS
Chlamydomonas strains-Chlamydomonas strains used have been described in a previous publication . synthesized chloroplast DNA at about 80% the extent of unirradiated cells whereas UVS 1 cells synthesized only about 12% the amount of unirradiated control. However, UVS 1 cells removed nearly as many pyrimidine ditners in 24 h as wild-type cells (68% compared to 85%). Thus, it would not seem that "dilution" of dinners by a process of DNA synthesis plus recombination can explain our results.
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DISCUSSION
The probability that chloroplasts have the ability to remove ultraviolet light-induced pyrimidine dimers from their DNA by photoreactivation has been 12 hinted in earlier studies. Thus, Lyman et al. showed that non-lethal fluences of UV light prevented the formation of chloroplasts in Euglena graeilis. This inhibition of chloroplast formation can be completely reversed by exposure of the irradiated cells to photoreactivating light. However, as far as we are aware the present work is the first direct demonstration of the removal of pyrimidine dimers from chloroplast DNA upon exposure of irradiated cells to photoreactivating light.
The observation that nuclear DNA is metabolically stable whereas chloro-13 plast DMA is unstable has been reported earlier by Manninq and Richards in Euglena. They found that about 50% of the chloroplast DNA turned over after 2 cell doublings. We found about 50% turnover of ChUauydomonae chloro-plast DNA after 24 h in the dark. Since the generation time for Chlamydomcmas in TAP medium in the dark is about 14 h , the rates of chloroplast DNA turnover per generation in Euglena and Chlamydomcmas are about the same. Irradiation of Chlamydomonas with fluences of 50 and 100 J/m 2 of 254 nm light appears to stimulate the rate of turnover (Table I) . When the labeled chloroplast DNA remaining at the end of 24 h incubation in the dark was examined for the presence of pyrimidine dimers, we found in wild-type cells only slightly more than one per 10 daltons DNA compared to more than 8 immediately after UV irradiation (Table 2) , indicating the occurrence of a dark repair process. It should be emphasized that this disappearance of pyrimidine dimers cannot be explained by the nonspecific turnover of the DNA. We have looked at the average distance between pyrimidine dimers in the DNA remaining after incubation in the dark. One would not expect the distance between dimers to increase as a result of non-specific degradation of the DNA. The UV-sensitive mutant, UVS 1, is completely deficient in the removal of pyrimidine dimers from nuclear DNA but has the ability to remove pyrimidine dimers from chloroplast DNA nearly as well as wild-type. This indicates that the dark repair systems in chloroplasts and nuclei are under separate genetic control.
Excision-repair of damaged chloroplast DNA would appear to be the simplest interpretation of our results. Dilution of the pyrimidine dimers by a combination of DNA synthesis plus recombination would appear to be ruled out by the finding that wild-type cells synthesized 7-8 tirr -. as much chloroplast DNA as did UVS 1 (Table III) yet both strains removed nearly the same amount of pyrimidine dimers from chloroplast DNA. The demonstration of UV-stimulated repair replication in chloroplast DNA would strengthen considerably the case for excision-repair. The previous reported absence of repair replication for either nuclear or chloroplast DNA of Chlamydomonas may well have been because of the large fluences of UV radiation used as we have previously shown that few pyrimidine dimers are removed from nuclear DNA after such large fluences.
